Investigation of inflammatory and allergic responses to common mold species: Results from in vitro experiments, from a mouse model of asthma, and from a group of asthmatic patients. by Vincent, Murielle et al.
Indoor Air. 2017;27:933–945.	 wileyonlinelibrary.com/journal/ina	 	 | 	933© 2017 John Wiley & Sons A/S. 
Published by John Wiley & Sons Ltd
Received:	8	August	2016  |  Accepted:	25	March	2017
DOI: 10.1111/ina.12385
O R I G I N A L  A R T I C L E
Investigation of inflammatory and allergic responses to 
common mold species: Results from in vitro experiments, 
from a mouse model of asthma, and from a group of asthmatic 
patients
M. Vincent1  | P. Percier1 | S. De Prins1 | K. Huygen1 | G. Potemberg2 |  
E. Muraille2,3 | M. Romano1 | O. Michel4 | O. Denis1




















Most	studies	on	molds	focus	on	Alternaria alternata and Aspergillus fumigatus. Here, we 
report	 on	 inflammatory	 and	 allergenic	 properties	 of	 more	 typical	 indoor	 species	
Aspergillus versicolor, P. chrysogenum, C. cladosporioïdes, and C. sphaerospermum	 that	
were	compared	to	A. alternata and A. fumigatus. In a mouse model, after intranasal in-
stillation, A. alternaria, A. versicolor, and C. sphaerospermum	induced	the	early	recruit-
ment	 of	 neutrophils	 and	 the	 strong	 expression	 of	 inflammatory	 markers	 in	 the	
bronchoalveolar	 lavages	 fluids.	A. fumigatus	 also	 induced	 the	 early	 accumulation	 of	
neutrophils	but	with	lower	levels	of	inflammatory	markers.	Chronic	treatment	induced	
variable	 response	 according	 to	 species:	 P. chrysogenum and A. fumigatus	 appeared	
strong	pro-	allergenic	inducers	compared	to	A. alternata and C. sphaerospermum	while	
A. versicolor and C. cladosporioides	 induced	 a	mixed	pro-	allergenic/pro-	inflammatory	
response.	 In	mold-	sensitized	asthmatics,	mold-	specific	 Immunoglobulin	E	 (IgE)	were	
detected	with	an	in-	house	dot-	blot	assay.	A. fumigatus and A. alternata	were	the	most	
frequent	 sensitizers.	 Altogether,	 P. chrysogenum, P. brevicompactum, C. sphaerosper-
mum, and C. cladosporïoides	were	the	“major	sensitizer”	(defined	as	the	strongest	re-
sponse	against	a	single	mold	species)	for	almost	30%	of	the	asthmatics.	These	results	
show	that,	not	only	A. alternata and A. fumigatus,	but	also	indoor	species	have	strong	
inflammatory	and	allergic	properties	and	a	harmful	potency.












from 2 to 50 μm	allowing	their	deposition	into	the	airways.	The	exter-
nal	layer	of	the	spores	and	the	mycelium	is	a	complex	matrix	structure	
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with	 innate	 immune	system	stimulating	properties	such	as	the	β- 1,3 
glucans	recognized	by	C-	type	lectin	receptors	(dectin-	1	and	2,	Mincle	
and	mannose	receptors)	expressed	on	phagocytic	cells,	dendritic	cells	
(DCs),	 neutrophils,	 and	epithelial	 cells.	The	engagement	of	 these	C-	
type	 lectin	 receptors	 triggers	 the	activation	of	 intracellular	 signaling	




diators, including tumor necrosis factor α	(TNF-	α),	various	interleukins	
(IL-	1β,	IL-	6,	IL-	23),	chemokines	ligands	(CCL-	2	and	CCL-	3),	and	chemo-
kine	(C-	X-	C	motif)	ligand	1	(CXCL-	1).2	In	addition,	dectin-	1	knock-	out	














released	 in	 the	 external	 environment	 during	 the	 germination	 pro-
cess.8,9	The	lung	epithelium	and	the	dendritic	cells	present	in	the	lung	
can	 recognize	 these	 allergens	which	 initiates	 the	 allergenic	 process.	









broncho-	constriction	 in	 the	 setting	 of	 airway	 hyper-	responsiveness,	





Alternaria alternata and Cladosporium herbarum	 are	 the	 most	
common	outdoor	mold	 species.	A	 large	European	 study	 in	asthmat-
ics	showed	that	the	prevalence	of	sensitization	to	these	two	species	




Mold	 spores	 can	 likewise	 be	 present	 in	 the	 indoor	 environ-
ment,	 due	 to	 some	 housing	 activities	 or	 inhabitant	 behaviors,	 but	
the	 association	 between	 their	 presence	 and	 adverse	 health	 effects	
is controversial.18,19	 Choi	 et	al.20	 found	 no	 association	 between	 the	
presence	 of	 ergosterol,	 β- glucans, or culturable molds and indoor 
dampness	with	 asthma	 and	 allergic	 diseases	 symptoms	 of	 children.	
Other	work	found	a	positive	association	between	respiratory	adverse	
effects	including	asthma	development	or	exacerbation	and	residential	









C. cladosporioides, P. chrysogenum, C. sphaerospermum, and A. versicolor 
and	compared	them	to	those	of	the	outdoor	mold	A. alternata	and	the	








tus and A. alternata	but	also	of	exposure	to	indoor	mold	species.
2  | MATERIALS AND METHODS
2.1 | Mold strains, spores and extract preparations
Alternaria alternata	 (strain	 18586),	 C. cladosporioides (strain 9072 
and	 6032),	 P. chrysogenum	 (strain	 1240),	 C. sphaerospermum (strain 
22974),	 and	 A. versicolor	 (strain	 18884)	 were	 obtained	 from	 the	
Belgian	 Co-	ordinated	 Collections	 of	 Micro-	organisms/Institut	
d’Hygiène	 et	 d’Epidémiologie-	Mycologie	 (BCCMTM/IHEM)	 from	 the	
Wetenschappelijk	 Instituut	 Volksgezondheid-	Institut	 Scientifique	
de	 Santé	 Publique	 (WIV-	ISP,	 Brussels,	 Belgium).	 A. fumigatus 
(strain	 AF293)	 was	 obtained	 from	 the	 American	 Type	 Cell	 Culture	
(ATCC—Manassas,	 VA,	 USA).	 These	 molds	 were	 cultured	 at	 27°C	




light	 the	 harmful	 properties	 of	mold	 species	 commonly	
isolated	 indoor.	 The	 presence	 of	 these	 species	 should	
therefore	 be	 thoroughly	 investigated	 during	 home	 en-
quiries	and	future	research	work	should	focus	on	investi-
gating	their	link	with	adverse	respiratory	health	effects.




Aqueous extracts from A. alternata, P. chrysogenum, A. fumigatus, and 
C. sphaerospermum	were	 purchased	 from	Greer	 laboratories	 (μg/mL;	












5×10−5	mol/L	 β-	mercaptoethanol,	 gentamycin,	 non-	essential	 amino	
acids,	 sodium	 pyruvate,	 and	 glutamax	 (Thermo	 Fisher	 Scientific—
Waltham,	MA,	USA)	and	mouse	recombinant	granulocyte-	macrophage	
colony-	stimulating	 factor	 (GM-	CSF)	 10	ng/mL	 (Immunotools—
Friesoythe,	 Germany).	 The	 culture	 medium	 was	 replenished	 after	
3	days.	BMDC’s	were	collected	after	7	days,	seeded	in	96-	well	plates	
(2×105	cells/well)	 and	cultured	 for	24	hours	with	either	 lipopolysac-
charide	(LPS;	100	ng/mL)	or	curdlan	(100	μg/mL)	or	zymosan	(100	μg/
mL)	 or	 various	 mold	 spores	 (2×105	 spores,	 except	 for	 A. alternata 
2×104	spores).
2.3 | Animals and immunizations
C57BL/6	mice	were	 obtained	 from	 the	 Elevage	 Janvier	 (Le	Genest	
Saint	Isle,	France)	or	from	the	breeding	facilities	of	the	WIV-	ISP	and	
maintained	 under	 standard	 laboratory	 conditions.	 All	 experiments	
were	performed	 in	accordance	with	 the	 local	ethics	 committee	and	
were	approved	under	the	file	number	120724-	01.	Female	mice	aged	
10-	12	weeks	 at	 the	 beginning	 of	 experiments	 (five	mice	 per	 group	
unless	 otherwise	 stated)	 were	 instilled	 intranasally	 (i.n.)	 with	 106 
mold	 spores	 on	 three	 consecutive	 days	 (on	Monday,	 Tuesday,	 and	
Wednesday)	 to	 study	 early	 responses.	 To	 study	 chronic	 responses,	
the	 same	protocol	was	used	during	 the	 first	week	 followed	by	 two	
instillations	per	week	(on	Mondays	and	Fridays)	during	4	weeks	and	








by	 intra-	peritoneal	 (ip)	 injections	 of	 2×106	 spores	 diluted	 in	 PBS	 at	





ferential cell counts were obtained by examining at least 300 cells on 
cytospin	slides	stained	with	Diff-	Quick	(Dade	Behring—Deerfield,	IL,	
USA)	and	expressed	as	cells/mL.
2.5 | Cytokine detection in supernatants and 
BAL fluids









2.6 | Total mouse IgE determinations
Total	 serum	 IgE	 concentrations	were	 determined	 using	 a	 sandwich	
ELISA	as	described.32
2.7 | mRNA chemokine and cytokine quantification
Total	 RNA	 was	 extracted	 from	 homogenized	 lung	 cells	 with	 Tri-	
reagent	 (Sigma-	Aldrich—Saint	 Louis,	 MO,	 USA),	 24	hours	 after	 the	
last	 instillation.	 cDNA	was	 synthesized	 using	 the	 GoScript	 Reverse	
















were	sliced	and	 then	colored	with	hematoxylin-	eosin-	safran	 for	 the	
detection	of	 lung	 inflammation	and	with	periodic	acid	Schiff	 for	the	
detection	 of	mucus	 produced	 by	 goblet	 cells.	 The	 lung	 preparation	
steps	 for	 histology	 analysis	were	 conducted	 in	Unité	 de	Recherche	




Asthmatic	 patients	 were	 enrolled	 in	 the	 Immuno-	allergology	 Unit	
of	Centre	Hospitalier	Universitaire	 (CHU)	Brugmann	 (Brussels).	 The	
group	consisted	of	32	asthmatics,	with	a	positive	skin	prick	test	(SPT)	
and/or	CAP	(cellulose	acetate	membrane	precipitin)	test	for	A. fumiga-
tus and/or A. alternata and/or P. chrysogenum and/or C. herbarum. 
Asthma	was	diagnosed	according	to	the	Global	Initiative	for	Asthma	
(GINA)	guidelines.34	SPTs	were	carried	out	using	a	standardized	pro-
cedure	 with	 reagents	 from	 Stallergènes	 (Antony—France).	 Positive	
(histamine	and	codeine)	and	negative	(allergen	diluent)	controls	were	
used.	Weal	size	was	measured	after	20	minutes,	and	the	result	was	
considered	positive	 if	 the	weal	was	 at	 least	 4	mm	greater	 than	 the	
negative	control.	CAP	tests	were	performed	in	the	Immunology	labo-
ratory	at	CHU	Brugmann	with	the	Phadia	1000	FEIA	analyzer	(Thermo	





2.10 | Human mold specific IgE detection
A	dot-	blot	assay	was	developed	 in	our	 laboratory	 for	 the	detection	









temperature).	 The	 membrane	 was	 then	 incubated	 for	 1.5	hours	 at	
room	 temperature	 with	 rat	 monoclonal	 anti-	human	 IgE	 coupled	 to	
horseradish	 peroxidase	 (HRP;	 LO-	HE	 17-	HRP	 &	 LO-	HE	 10-	HRP—
Institute	of	Experimental	and	Clinical	Research,	Université	Catholique	
de	 Louvain,	 Belgium)	 diluted	 1/5000	 in	 TBS-	Tween20	 0.1%-	BSA	
0.1%.	Between	each	incubation	step,	excess	antibodies	were	removed	





GE	 Lifesciences)	 and	 analyzed	 with	 the	 Image	 Quant	 TL	 software	
(GE	Lifesciences).	Two	positive	controls	were	used.	The	Non-	WHO	
Human anti- Aspergillus fumigatus IgE Reference Serum (Product 






coated	membrane	 (sample	 dilution	 buffer).	 The	 results,	 obtained	 as	
pixel	 counts,	were	 then	converted	 into	 indexes	 to	 standardize	 their	
expression	with	the	following	formula:	
For	each	mold	extract,	positivity	thresholds	were	established	from	
43	 serial	 analyses	 of	 the	 second	 negative	 control	 serum.	 Positivity	



















was assumed at a P value below .05. Data were obtained from at least 
two	 separate	 experiments.	 Analysis	 was	 performed	with	 GraphPad	
Prism version 6.01.
3  | RESULTS
3.1 | Inflammatory responses induced by the mold 
spores
The	 in	 vitro	 inflammatory	 properties	 of	 spores	 from	 indoor	 mold	
species	 (C. cladosporioides, P. chrysogenum, C. sphaerospermum, and 
A. versicolor)	 were	 compared	 with	 two	 frequently	 studied	 species,	
A. alternata and A. fumigatus.	 Murine	 BMDCs	 were	 cultured	 in	 the	
presence	 of	 spores	 from	 these	 six	 species,	 and	 the	 production	 of	
inflammatory	 cytokines	 and	 chemokines	 released	 in	 the	 culture	 su-
pernatant	was	analyzed.	As	 shown	 in	Figure	1,	 all	 tested	mold	 spe-
cies	 except	A. versicolor	 induced	 a	 substantial	 production	of	TNF-	α. 
INDEX=
(pixel count for the tested serum−background)
(pixel count for the first negative control−background)
.
Δ for each extract=
(experimental serum index− index of the second negative control serum)
standard deviation of the second negative control serum
.
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A. fumigatus and A. alternata induced also a very significant and strong 
production	of	IL-	6,	IL-	1α,	and	IL-	1β	while	other	species	elicited	lower	
and	variable	production	of	these	cytokines	(Figure	1).	None	of	the	six	
tested	 species	 stimulated	 the	 production	 of	 IL-	12.	A. fumigatus and 
A. alternata	triggered	a	significant	albeit	low	production	of	IL-	23	(data	
not	shown).
The	 acute	 inflammatory	 properties	 of	 these	 species	 were	 also	
examined	in	vivo	in	C57BL/6	mice,	24	hours	after	three	(once	a	day)	
intranasal	instillations	of	the	spores.	In	the	BAL	fluids,	all	mold	spores	
induced	 a	 recruitment	 of	 macrophages.	 A. versicolor, C. sphaerosper-
mum, A. alternata, and A. fumigatus	 elicited	 stronger	 neutrophil	 re-
cruitment	than	C. cladosporïoides	while	P. chrysogenum only induced a 
minimal	accumulation	(Figure	2).	The	patterns	of	TNF-	α,	CXCL-	2,	and	
IL-	1α	mRNA	lung	expression	were	similar.	These	three	cytokines	were	
strongly induced by A. alternata, C. sphaerospermum, and A. versicolor. 
Other	species	such	as	A. fumigatus, C. cladosporioïdes, and P. chrysoge-
num	elicited	low	but	significant	responses	of	these	cytokines	(Figure	3).	
The	recruitment	of	neutrophils	in	BAL	fluids	was	positively	correlated	
with	the	 lung	expression	of	CXCL-	2	 (r2=.6597; P=.02;	Figure	4)	 indi-
cating	a	match	between	cytokines	and	cells	responses.
The	 expression	 of	 IL-	33	 in	 the	 lungs	was	 also	 investigated.	We	
found	that	the	spores	of	the	six	mold	species	upregulated	lung	IL-	33	
with	P. chrysogenum and C. sphaerospermum	 spores	 inducing	a	 lower	
expression	than	spores	of	the	four	other	species	(Figure	3).
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3.2 | Allergic Th2 responses induced by the 
mold spores
As	shown	in	Figure	5,	all	species	except	A. versicolor induced signifi-
cant IgE serum levels. A. fumigatus and C. cladosporïoides generated 
the	strongest	 responses.	Cellular	 recruitments	were	analyzed	 in	 the	
BAL	 fluid	 24	hours	 after	 the	 last	 instillation	 of	 a	 5-	week	 exposure	















between mold- treated mice vs control PBS- 
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treatment	during	5	weeks	led	to	an	additional	recruitment	of	eosino-
phils.	A. fumigatus, P. chrysogenum, A. versicolor, and C. cladosporïoides 
induced	a	stronger	recruitment	of	eosinophils	than	the	two	other	spe-







the	 lungs	 of	 mice	 treated	with	 all	 six	 mold	 species.	A. alternata in-
duced	 less	CCL-	11	 than	 the	 other	 species	while	C. sphaerospermum 
had	a	tendency	to	produce	less	IL-	4.	The	expression	of	IFN-	γ was also 
quantified	 (Figure	7)	 and	 the	 ratio	 IL-	4/IFN-	γ	 calculated	 (Supporting	
Information).	Results	showed	that	P. chrysogenum	was	the	species	with	
the	 highest	 IL-	4/IFN-	γ	 ratio	 while	 A. alternata	 had	 the	 lowest.	 The	
IL-	4/IFN-	γ	ratio	of	the	four	other	species	was	intermediate.
Lung	mRNA	expression	and	BAL	fluid	concentrations	of	IL-	17	and	
TNF-	α	are	shown	in	Fig.	S2.	C. cladosporïoides and C. sphaerospermum 
were	the	main	stimulators	of	TNF-	α	while	A. versicolor, C. cladosporïoi-
des, and C. sphaerospermum	were	the	main	inducers	of	IL-	17.	A. alter-






To	 perform	 further	 analysis	 of	 the	 lung	 inflammation,	 an	 histo-
pathological	 examination	was	 conducted.	 Control	 PBS-	treated	mice	
showed	no	sign	of	 inflammation.	 In	contrast,	mice	 instilled	with	 the	
spores	 showed	 an	 important	 accumulation	 of	 inflammatory	 cells.	
P. chrysogenum, A. fumigatus, A. versicolor, and C. cladosporioïdes 
induced	a	recruitment	mainly	 in	the	peri-	vascular	and	peri-	bronchial	
areas	with	 numerous	 eosinophils.	 An	 accumulation	 of	 large	 macro-
phages	in	the	lung	parenchyma	was	also	observed.	After	exposure	to	
A. alternata and C. sphaerospermum, inflammation was more diffuse 
and	 fewer	 eosinophils	were	 observed.	 Noticeably,	 in	 mice	 exposed	
to P. chrysogenum,	the	structure	of	bronchial	epithelium	was	not	very	
well-	preserved	and	muscular	hypertrophy	was	detected.	Periodic	acid	
Schiff	 (PAS)	 staining	 shows	an	 intense	production	of	mucus	 in	mice	
exposed	to	mold	spores.	Of	note,	 this	production	appeared	 less	 im-
portant	after	exposure	to	C. sphaerospermum	(Figure	8).
3.3 | Analysis of the sensitization pattern to mold 
species in a group of asthmatics
The	presence	of	specific	IgE	against	the	10	tested	mold	species	was	
investigated	in	a	group	of	asthmatic	patients	with	positive	SPT	and/





against A. fumigatus and A. alternata	were	the	most	common,	detect-
able	in	more	than	40%	of	the	asthmatics.	In	contrast,	IgE	against	C. cla-
dosporïoides, A. versicolor, and A. flavus	were	 less	common	 (less	 than	
10%	of	the	asthmatics).	IgE	antibodies	against	the	other	mold	species	
were	present	in	20%-	30%	of	the	sera	(Figure	9).
Cross-	reactions	 are	 frequent	 in	 immune	 responses	 against	mold	
antigens	 and	have	been	 reported	 in	 the	 literature.36,37 Our concern 
was	therefore	to	attempt	to	identify,	 in	the	sera	showing	more	than	
one	positive	response,	the	“major	sensitization.”	It	was	defined	as	the	














mice (A. versicolor, C. sphaerospermum, and 
C. cladosporioides	group)	per	group	(†P<.05, 
§P<.01, ¥P<.001,	ǂP<.0001)





as	 “major	sensitizer.”	Although	when	taken	 together,	P. chrysogenum, 
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of	six	common	mold	species	from	indoor	and	outdoor	environments.	
A. alternata	is	a	typical	outdoor	mold	while	A. fumigatus is very com-
mon outdoors and indoors. P. chrysogenum, A. versicolor, C. clad-
osporïoides, and C. sphaerospermum are frequently found indoors, 
especially	in	damp	dwellings.18,25,27,28,41
In vitro,	spores	from	these	six	species	elicited	the	secretion	of	
inflammatory	 cytokines	 (TNF-	α,	 IL-	6,	 IL-	1α	 and	 IL-	1β)	 when	 cul-
tured	in	the	presence	of	murine	BMDCs.	The	importance	of	C-	type	
lectins	 in	 the	 recognition	 of	 β-	glucans	 exposed	 in	 germinating	
spores	has	been	 clearly	 established.42	 In	 line	with	 this,	we	 found	
that	this	cytokine	production	was	completely	inhibited	in	MALT-	1	
(a	 caspase-	like	 protease)	 deficient	 BMDCs.	 Indeed,	 cells	 that	 do	
not	express	MALT-	1	are	unable	to	form	the	CARD9-	Bcl10-	MALT1	























ternaria, A. versicolor, and C. sphaerospermum, induced a stronger early 
upregulation	of	 lung	TNF-	α	 expression	 than	 the	 three	other	 species.	
The	TNF-	α	produced	in	vivo	by	inflammatory	dendritic	cells	has	previ-
ously	been	shown	to	shape	the	immune	response	during	fungal	infec-





expression	of	CXCL-	2.	A. fumigatus also induced an early accumulation 
of	numerous	neutrophils	 into	the	 lungs	but	with	 lower	 levels	of	 lung	









In	a	previous	report,	we	showed	that	spores	from	A. alternaria and 
C. herbarum injected in mice increased total IgE levels.31,32 Here, we 
found	 that	 five	of	 the	 six	mold	 species	 tested	 induced	a	 rise	of	 the	
IgE serum concentrations. Only A. versicolor failed to induce any IgE 











present	 on	 innate	 lymphoid	 cells,	 basophils,	mast	 cells,	 eosinophils,	
and	subsets	of	Th2	cells.50	Activated	innate	lymphoid	cells	vigorously	





in	the	BAL	fluids.	P. chrysogenum induced a strong recruitment of eo-
sinophils	with	 low	neutrophil	and	macrophage	numbers.	For	A. fumi-
gatus, A. versicolor, and C. cladosporïoides,	 eosinophils	 outweighed	
neutrophils	in	the	BAL	fluids	while	A. alternaria and C. sphaerospermum 
spores	recruited	more	neutrophils	than	eosinophils.	Histological	anal-
ysis	of	the	lungs	confirmed	that	P. chrysogenum, A. fumigatus, A. versi-
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peri-	bronchial	areas	and	increased	the	mucus	production	(to	a	lesser	










ment	of	a	 lung	neutrophilic	 inflammation.49,51	We	also	detected	 the	
production	of	 IL-	17	 in	the	 lungs	and	BAL	fluids	of	A. versicolor stim-




However,	mold	 cultures	 are	 not	 easily	 standardized	 and	differences	
in	the	media	or	in	the	preparation	of	the	spores	or	differences	in	the	
protocols	might	account	for	these	discrepancies.	Moreover,	we	found	
that	C. cladosporïoides but also C. sphaerospermum	were	fully	capable	
of	stimulating	lung	production	of	IL-	17,	and	thus,	these	three	species	
induced	mixed	Th2/Th17	 response	when	 instilled	 chronically	 in	 the	
lungs	of	C57BL/6	mice.	Th17	cells	and	their	production	of	IL-	23	are	







In	 addition	 to	 the	 responses	 triggered	 by	 the	 six	 tested	 mold	
species	 in	mice,	we	also	evaluated	 the	production	of	 specific	 IgE	 in	
a	 population	 of	 asthmatic	 patients	 sensitized	 to	 molds.	We	 used	 a	
panel	of	10	molds	species	 that	are	known	to	be	 frequently	 isolated	








atus and A. alternata.	Other	patients	(28.7%)	had	their	major	reactivity	
directed	against	the	indoor	species	P. chrysogenum, P. brevicompactum, 
C. sphaerospermum, and C. cladosporïoides.	 These	 observations	 sug-
gest	that	a	genuine	sensitization	to	indoor	species	can	also	play	a	role	









spermum or A. alternata,	 seem	to	 trigger	 inflammation	 rather	 than	al-
lergy.	 On	 the	 contrary,	 P. chrysogenum and A. fumigatus seem more 



















sponse.18,58	After	 nasal	 instillation,	 such	 as	 in	 experimental	models,	
allergens	are	widely	spread	in	the	bronchial	tree	and	different	mecha-
nisms	can	be	triggered	explaining	the	apparent	discrepancies.	Another	
limitation	 of	 the	 study	 is	 the	 fact	 that	 the	 concentration	 of	 spores	
used	in	the	mouse	model	that	is	needed	to	counter	the	lower	natural	
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susceptibility	 (105- 106/instillation)	 is	much	 higher	 than	 spore	 count	
usually	 present	 in	 the	 air	 (up	 to	20	000	spores/m3 for Cladosporium 
spp,	up	to	7500	spores/m3 for A. alternata	and	much	less	for	the	other	






and	 require	 attention.	Results	 from	human	and	murine	experiments	
have	also	shown	that	in	addition	to	spores	of	the	classical	outdoor	spe-
cies A. alternata and A. fumigatus,	spores	from	indoor	mold	species	can	
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